# difgamo Juaxi MNIST )l bz, asiSall pli VI eal
from tensorflow.keras.datasets import mnist
import matplotlib.pyplot as plt

#os0 ol ans Elre lghi> piy) cosiil] go oU Lol Joaxs)
(X _train, y train), (X test, y test) = mnist.load data()

print("c oidl g0 ooe:", X train.shape)
print(",LasYl g0 ooe:", X test.shape)

# ol bl po 690 Jol s
plt.imshow(X train[0@], cmap='gray')
plt.title(f"Label: {y train[0]}")
plt.show()

ModuleNotFoundError Traceback (most recent call last)
Cell In[1], line 2

1 # d&cgamo Juaxs MNIST x| by & oiSell pL VI oal
2 <---- from tensorflow.keras.datasets import mnist
3 import matplotlib.pyplot as plt

5 # 6,0 Jol aey Ulse Lgha> piy) il go ol Ludl Juoxs)
ModuleNotFoundError: No module named 'tensorflow'

pip install tensorflow



~C
Note: you may need to restart the kernel to use updated packages.
Collecting tensorflow

Downloading tensorflow-2.20.0-cp313-cp313-win amd64.whl.metadata (4.6 kB)
Collecting absl-py>=1.0.0 (from tensorflow)

Downloading absl py-2.3.1-py3-none-any.whl.metadata (3.3 kB)

Collecting astunparse>=1.6.0 (from tensorflow)

Downloading astunparse-1.6.3-py2.py3-none-any.whl.metadata (4.4 kB)
Collecting flatbuffers>=24.3.25 (from tensorflow)

Downloading flatbuffers-25.9.23-py2.py3-none-any.whl.metadata (875 bytes)
Collecting gast!=0.5.0,!=0.5.1,!=0.5.2,>=0.2.1 (from tensorflow)

Downloading gast-0.6.0-py3-none-any.whl.metadata (1.3 kB)

Collecting google pasta>=0.1.1 (from tensorflow)

Downloading google pasta-0.2.0-py3-none-any.whl.metadata (814 bytes)
Collecting libclang>=13.0.0 (from tensorflow)

Downloading libclang-18.1.1-py2.py3-none-win_amd64.whl.metadata (5.3 kB)
Collecting opt einsum>=2.3.2 (from tensorflow)

Downloading opt einsum-3.4.0-py3-none-any.whl.metadata (6.3 kB)

Requirement already satisfied: packaging in c:\users\khh26\appdata\local\anacon
da3\lib\site-packages (from tensorflow) (24.2)

Requirement already satisfied: protobuf>=5.28.0 in c:\users\khh26\appdata\loca
1\anaconda3\lib\site-packages (from tensorflow) (5.29.3)

Requirement already satisfied: requests<3,>=2.21.0 in c:\users\khh26\appdata\lo
callanaconda3\lib\site-packages (from tensorflow) (2.32.3)

Requirement already satisfied: setuptools in c:\users\khh26\appdata\local\anaco
nda3\lib\site-packages (from tensorflow) (72.1.0)

Requirement already satisfied: six>=1.12.0 in c:\users\khh26\appdata\locall\anac
onda3\lib\site-packages (from tensorflow) (1.17.0)

Collecting termcolor>=1.1.0 (from tensorflow)

Downloading termcolor-3.2.0-py3-none-any.whl.metadata (6.4 kB)

Requirement already satisfied: typing extensions>=3.6.6 in c:\users\khh26\appda
ta\locallanaconda3\lib\site-packages (from tensorflow) (4.12.2)

Requirement already satisfied: wrapt>=1.11.0 in c:\users\khh26\appdata\local\an
aconda3\lib\site-packages (from tensorflow) (1.17.0)

Collecting grpcio<2.0,>=1.24.3 (from tensorflow)

Downloading grpcio-1.76.0-cp313-cp313-win amd64.whl.metadata (3.8 kB)
Collecting tensorboard~=2.20.0 (from tensorflow)

Downloading tensorboard-2.20.0-py3-none-any.whl.metadata (1.8 kB)

Collecting keras>=3.10.0 (from tensorflow)

Downloading keras-3.12.0-py3-none-any.whl.metadata (5.9 kB)

Requirement already satisfied: numpy>=1.26.0 in c:\users\khh26\appdata\local\an
aconda3\lib\site-packages (from tensorflow) (2.1.3)

Requirement already satisfied: h5py>=3.11.0 in c:\users\khh26\appdata\locallana
conda3\1lib\site-packages (from tensorflow) (3.12.1)

Collecting ml dtypes<l1.0.0,>=0.5.1 (from tensorflow)

Downloading ml dtypes-0.5.3-cp313-cp313-win amd64.whl.metadata (9.2 kB)
Requirement already satisfied: charset-normalizer<4,>=2 in c:\users\khh26\appda
ta\locallanaconda3\lib\site-packages (from requests<3,>=2.21.0->tensorflow)
(3.3.2)

Requirement already satisfied: idna<4,>=2.5 in c:\users\khh26\appdata\locall\ana
conda3\lib\site-packages (from requests<3,>=2.21.0->tensorflow) (3.7)
Requirement already satisfied: urllib3<3,>=1.21.1 in c:\users\khh26\appdata\loc
al\anaconda3\lib\site-packages (from requests<3,>=2.21.0->tensorflow) (2.3.0)
Requirement already satisfied: certifi>=2017.4.17 in c:\users\khh26\appdata\loc



allanaconda3\lib\site-packages (from requests<3,>=2.21.0->tensorflow) (2025.4.2
6)

Requirement already satisfied: markdown>=2.6.8 in c:\users\khh26\appdata\local\
anaconda3\lib\site-packages (from tensorboard~=2.20.0->tensorflow) (3.8)
Requirement already satisfied: pillow in c:\users\khh26\appdata\locallanaconda
3\lib\site-packages (from tensorboard~=2.20.0->tensorflow) (11.1.0)

Collecting tensorboard-data-server<0.8.0,>=0.7.0 (from tensorboard~=2.20.0->ten
sorflow)

Downloading tensorboard data server-0.7.2-py3-none-any.whl.metadata (1.1 kB)
Requirement already satisfied: werkzeug>=1.0.1 in c:\users\khh26\appdata\local\
anaconda3\lib\site-packages (from tensorboard~=2.20.0->tensorflow) (3.1.3)
Requirement already satisfied: wheel<l.0,>=0.23.0 in c:\users\khh26\appdata\loc
allanaconda3\lib\site-packages (from astunparse>=1.6.0->tensorflow) (0.45.1)
Requirement already satisfied: rich in c:\users\khh26\appdata\local\anaconda3\1l
ib\site-packages (from keras>=3.10.0->tensorflow) (13.9.4)

Collecting namex (from keras>=3.10.0->tensorflow)

Downloading namex-0.1.0-py3-none-any.whl.metadata (322 bytes)
Collecting optree (from keras>=3.10.0->tensorflow)

Downloading optree-0.17.0-cp313-cp313-win amd64.whl.metadata (34 kB)
Requirement already satisfied: MarkupSafe>=2.1.1 in c:\users\khh26\appdata\loca
1\anaconda3\lib\site-packages (from werkzeug>=1.0.1->tensorboard~=2.20.0->tenso
rflow) (3.0.2)

Requirement already satisfied: markdown-it-py>=2.2.0 in c:\users\khh26\appdata\
locallanaconda3\lib\site-packages (from rich->keras>=3.10.0->tensorflow)
(2.2.0)

Requirement already satisfied: pygments<3.0.0,>=2.13.0 in c:\users\khh26\appdat
a\locallanaconda3\lib\site-packages (from rich->keras>=3.10.0->tensorflow) (2.1
9.1)

Requirement already satisfied: mdurl~=0.1 in c:\users\khh26\appdata\local\anaco
nda3\lib\site-packages (from markdown-it-py>=2.2.0->rich->keras>=3.10.0->tensor
flow) (0.1.0)

Downloading tensorflow-2.20.0-cp313-cp313-win _amd64.whl (332.0 MB)

---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
---------------------------------------- 0.0/332.0 MB ? eta -:--:--
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Downloading
Downloading

Downloading
Downloading
Downloading
Downloading
Downloading
Downloading
Downloading

------------------------------ 307.8/332.0 MB 1.3 MB/s eta 0:00:
------------------------------ 308.3/332.0 MB 1.3 MB/s eta 0:00:
------------------------------ 309.1/332.0 MB 1.3 MB/s eta 0:00:
------------------------------ 309.9/332.0 MB 1.4 MB/s eta 0:00:
------------------------------ 310.6/332.0 MB 1.4 MB/s eta 0:00:
------------------------------ 311.4/332.0 MB 1.4 MB/s eta 0:00:
------------------------------ 312.2/332.0 MB 1.4 MB/s eta 0:00:
------------------------------ 313.0/332.0 MB 1.4 MB/s eta 0:00:
------------------------------ 314.0/332.0 MB 1.5 MB/s eta 0:00:
------------------------------ 314.8/332.0 MB 1.5 MB/s eta 0:00:
----------------------------- - 315.9/332.0 MB 1.7 MB/s eta 0:00:
----------------------------- - 316.9/332.0 MB 1.7 MB/s eta 0:00:
----------------------------- - 318.2/332.0 MB 1.8 MB/s eta 0:00:
----------------------------- - 319.3/332.0 MB 1.8 MB/s eta 0:00:
----------------------------- - 320.6/332.0 MB 1.8 MB/s eta 0:00:
----------------------------- - 321.9/332.0 MB 1.8 MB/s eta 0:00:
----------------------------- - 323.5/332.0 MB 1.9 MB/s eta 0:00:
------------------------------ 325.1/332.0 MB 1.9 MB/s eta 0:00:
------------------------------ 326.4/332.0 MB 2.0 MB/s eta 0:00:
------------------------------ 328.2/332.0 MB 2.0 MB/s eta 0:00:
------------------------------ 329.8/332.0 MB 2.1 MB/s eta 0:00:
------------------------------ 331.6/332.0 MB 2.1 MB/s eta 0:00:
------------------------------ 331.9/332.0 MB 2.1 MB/s eta 0:00:
------------------------------ 331.9/332.0 MB 2.1 MB/s eta 0:00:
------------------------------- 332.0/332.0 MB 2.1 MB/s eta 0:00:
grpcio-1.76.0-cp313-cp313-win_amd64.whl (4.7 MB)
------------------------------- 0.0/4.7 MB ? eta -:--:--
------------------------------ 1.8/4.7 MB 9.4 MB/s eta 0:00:01
------------------------------ 3.9/4.7 MB 9.5 MB/s eta 0:00:01
------------------------------- 4.7/4.7 MB 9.3 MB/s eta 0:00:00
ml dtypes-0.5.3-cp313-cp313-win amd64.whl (208 kB)
tensorboard-2.20.0-py3-none-any.whl (5.5 MB)
------------------------------- 0.0/5.5 MB ? eta -:--:--
------------------------------ 2.1/5.5 MB 10.7 MB/s eta 0:00:01
------------------------------ 4.5/5.5 MB 10.7 MB/s eta 0:00:01
------------------------------- 5.5/5.5 MB 10.5 MB/s eta 0:00:00
tensorboard data server-0.7.2-py3-none-any.whl (2.4 kB)

absl py-2.3.1-py3-none-any.whl (135 kB)
astunparse-1.6.3-py2.py3-none-any.whl (12 kB)
flatbuffers-25.9.23-py2.py3-none-any.whl (30 kB)
gast-0.6.0-py3-none-any.whl (21 kB)

google pasta-0.2.0-py3-none-any.whl (57 kB)
keras-3.12.0-py3-none-any.whl (1.5 MB)
------------------------------- 0.0/1.5 MB ? eta -:--:--
------------------------------- 1.5/1.5 MB 10.8 MB/s eta 0:00:00
libclang-18.1.1-py2.py3-none-win amd64.whl (26.4 MB)
------------------------------- 0.0/26.4 MB ? eta -:--:--
------------------------------- 2.4/26.4 MB 12.5 MB/s eta 0:00:02
------------------------------- 5.0/26.4 MB 12.5 MB/s eta 0:00:02
------------------------------ 7.9/26.4 MB 12.6 MB/s eta 0:00:02
------------------------------ 10.5/26.4 MB 12.6 MB/s eta 0:00:0
------------------------------ 13.1/26.4 MB 12.7 MB/s eta 0:00:0
------------------------------ 16.3/26.4 MB 13.2 MB/s eta 0:00:0
------------------------------ 19.4/26.4 MB 13.4 MB/s eta 0:00:0
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--------------------------------------- 22.8/26.4 MB 13.7 MB/s eta 0:00:01
--------------------------------------- 26.2/26.4 MB 14.1 MB/s eta 0:00:01
---------------------------------------- 26.4/26.4 MB 13.8 MB/s eta 0:00:00
Downloading opt einsum-3.4.0-py3-none-any.whl (71 kB)
Downloading termcolor-3.2.0-py3-none-any.whl (7.7 kB)
Downloading namex-0.1.0-py3-none-any.whl (5.9 kB)
Downloading optree-0.17.0-cp313-cp313-win amd64.whl (316 kB)
Installing collected packages: namex, libclang, flatbuffers, termcolor, tensorb
oard-data-server, optree, opt einsum, ml dtypes, grpcio, google pasta, gast, as
tunparse, absl-py, tensorboard, keras, tensorflow

——————————————————————————————————————— 1/16 [libclang]
——————————————————————————————————————— 1/16 [libclang]
——————————————————————————————————————— 2/16 [flatbuffers]
——————————————————————————————————————— 5/16 [optree]
--------------------------------------- 5/16 [optree]
--------------------------------------- 6/16 [opt einsum]
--------------------------------------- 6/16 [opt einsum]
——————————————————————————————————————— 6/16 [opt einsum]
——————————————————————————————————————— 8/16 [grpcio]
——————————————————————————————————————— 8/16 [grpcio]
——————————————————————————————————————— 8/16 [grpcio]
——————————————————————————————————————— 8/16 [grpcio]
--------------------------------------- 8/16 [grpciol
--------------------------------------- 8/16 [grpcio]
--------------------------------------- 9/16 [google pastal
——————————————————————————————————————— 9/16 [google pastal
——————————————————————————————————————— 10/16 [gast]
——————————————————————————————————————— 12/16 [absl-py]
——————————————————————————————————————— 12/16 [absl-pyl
——————————————————————————————————————— 12/16 [absl-pyl
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]
——————————————————————————————————————— 13/16 [tensorboard]



--------------------------------------- 13/16 [tensorboard]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
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——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
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——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
--------------------------------------- 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
——————————————————————————————————————— 14/16 [keras]
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Successfully installed absl-py-2.3.1 astunparse-1.6.3 flatbuffers-25.9.23 gas
t-0.6.0 google pasta-0.2.0 grpcio-1.76.0 keras-3.12.0 libclang-18.1.1 ml dtype
$-0.5.3 namex-0.1.0 opt einsum-3.4.0 optree-0.17.0 tensorboard-2.20.0 tensorboa



rd-data-server-0.7.2 tensorflow-2.20.0 termcolor-3.2.0
python -c "import tensorflow as tf; print(tf. version )"

Cell In[3], line 1
python -c "import tensorflow as tf; print(tf._ version_ )"

SyntaxError: invalid syntax
python -c "import tensorflow as tf; print(tf. version )"

Cell In[1], line 1
python -c "import tensorflow as tf; print(tf.__version_ )"

SyntaxError: invalid syntax

python -c "import tensorflow as tf; print(tf. version )"

Cell In[2], line 1
python -c "import tensorflow as tf; print(tf._ version_ )"

SyntaxError: invalid syntax

from tensorflow.keras.datasets import mnist
import matplotlib.pyplot as plt

(X _train, y train), (X test, y test) = mnist.load data()

print("w_xiJl Jge doe:™, X train.shape)
print(", LasYl se soe:", X test.shape)

plt.imshow(X train[0], cmap='gray')
plt.title(f"Label: {y train[0]}")
plt.show()

Downloading data from https://storage.googleapis.com/tensorflow/tf-keras-datase
ts/mnist.npz

11490434/11490434 2s Ous/step
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import matplotlib.pyplot as plt

plt.imshow(X train[0], cmap='gray')
plt.title(f"Label: {y train[0]}")
plt.show()



Label: 5

import numpy as np
import tensorflow as tf
from tensorflow.keras.datasets import mnist

# clbod 609590l ol usinll ploxiwl sole]g JUSI buwd] sbxi liSay - (s Leila>
(X train full, y train full), (X test, y test) = mnist.load data()

# 50 66/ o pwmisik/10k 60 ok
X train, y train = X train full[:50000], y train full[:50000]
X val, y val = X train full[50000:], y train full[50000:]

#0,1] oJ]| pnsl]l guihiqg s Lisa)] 2o5 ad Lo]]

X train (X train[..., None] / 255.0).astype("float32")
X val (X val[..., Nonel / 255.0).astype("float32")
X test (X test[..., None] / 255.0).astype("float32")

print("Train:", X train.shape, y train.shape)
print("val: ", X val.shape, y val.shape)
print("Test: ", X test.shape, y test.shape)

Train: (50000, 28, 28, 1) (50000,)
Val: (10000, 28, 28, 1) (10000,)
Test: (10000, 28, 28, 1) (10000,)

from tensorflow import keras
from tensorflow.keras import layers



# el his sibi) o LJl 65U 5 olich model. fit)

data augmentation = keras.Sequential([
layers.RandomRotation(0.08),
layers.RandomTranslation(0.05, 0.05),
layers.RandomZoom(0.08),

1)

# adl2s oUly vy G clis)y
batch size = 128
AUTOTUNE = tf.data.AUTOTUNE

def make ds(X, y, training=False):
ds = tf.data.Dataset.from tensor slices((X, y))
if training:
ds = ds.shuffle(10 000, reshuffle each iteration=True)
ds = ds.map(lambda x, y: (data augmentation(x, training=True), y),
num parallel calls=AUTOTUNE)
ds = ds.batch(batch size).prefetch(AUTOTUNE)
return ds

train ds
val ds
test ds

make ds(X train, y train, training=True)
make ds(X val, y val, training=False)
make ds(X test, vy test, training=False)

def build cnn():
inputs = layers.Input(shape=(28, 28, 1))
X = inputs

# ¢l 5] Lay [ 4Sa, data augmentation cus, ol gisaill J5l5:
# x = data augmentation(x, training=True)

x = layers.Conv2D(32, (3,3), activation="relu") (x)

x = layers.Conv2D(32, (3,3), activation="relu") (x)

x = layers.MaxPooling2D () (x)

x = layers.Dropout(0.25) (x)

x = layers.Conv2D(64, (3,3), activation="relu") (x)

x = layers.MaxPooling2D() (x)

x = layers.Dropout(0.25) (x)

x = layers.Flatten() (x)

x = layers.Dense (128, activation="relu") (x)

x = layers.Dropout(0.3) (x)

outputs = layers.Dense(10, activation="softmax") (x)

model = keras.Model(inputs, outputs, name="mnist cnn")

model.compile(
optimizer=keras.optimizers.Adam(1le-3),
loss="sparse categorical crossentropy",
metrics=["accuracy"]

)

return model

cnn = build cnn()



cnn.summary ()

Model: "mnist_cnn"

Layer (type) Output Shape Param #
input layer 1 (InputLayer) (None, 28, 28, 1) 0
conv2d (Conv2D) (None, 26, 26, 32) 320
conv2d 1 (Conv2D) (None, 24, 24, 32) 9,248
max_pooling2d (MaxPooling2D) (None, 12, 12, 32) 0
dropout (Dropout) (None, 12, 12, 32) 0
conv2d 2 (Conv2D) (None, 10, 10, 64) 18,496
max_pooling2d 1 (MaxPooling2D) (None, 5, 5, 64) 0
dropout 1 (Dropout) (None, 5, 5, 64) 0
flatten (Flatten) (None, 1600) 0
dense (Dense) (None, 128) 204,928
dropout 2 (Dropout) (None, 128) 0
dense 1 (Dense) (None, 10) 1,290

Total params: 234,282 (915.16 KB)
Trainable params: 234,282 (915.16 KB)
Non-trainable params: 0 (0.00 B)

callbacks = [
keras.callbacks.EarlyStopping(patience=5, restore best weights=True, monit
keras.callbacks.ModelCheckpoint("best cnn.keras", monitor="val accuracy",

]

history = cnn.fit(
train ds,
validation data=val ds,
epochs=25,
callbacks=callbacks,
verbose=1



Epoch 1/25

391/391

val accuracy:

Epoch 2/25
391/391

0.9795

val accuracy:

Epoch 3/25
391/391

0.9852

val accuracy:

Epoch 4/25
391/391

0.9874

val accuracy:

Epoch 5/25
391/391

0.9890

val accuracy:

Epoch 6/25
391/391

0.9897

val accuracy:

Epoch 7/25
391/391

0.9906

val accuracy:

Epoch 8/25
391/391

0.9913

val accuracy:

Epoch 9/25

0.9919

391/391

val accuracy:

Epoch 10/25

0.9925

391/391

val accuracy:

Epoch 11/25

0.9929

391/391

val accuracy:

Epoch 12/25

0.9928

391/391

val accuracy:

Epoch 13/25
391/391

0.9932

val accuracy:

Epoch 14/25
391/391

0.9930

al accuracy:
Epoch 15/25
391/391

0.9923 -

val accuracy:

Epoch 16/25
391/391

0.9940

val accuracy:

Epoch 17/25
391/391

0.9937

val accuracy:

Epoch 18/25
391/391

0.9927

val accuracy:

0.9937

12s 25ms/step

val loss: 0.0665

10s 26ms/step

val loss: 0.0466

10s 25ms/step

val loss: 0.0415

10s 25ms/step

val loss: 0.0371

10s 26ms/step

val loss: 0.0378

10s 24ms/step

val loss: 0.0351

10s 25ms/step

val loss: 0.0297

10s 25ms/step

val loss: 0.0282

10s 25ms/step

val loss: 0.0270

10s 26ms/step

val loss: 0.0274

10s 24ms/step

val loss: 0.0251

10s 26ms/step

val loss: 0.0265

10s 24ms/step

val loss: 0.0252

9s 24ms/step -
val loss: 0.0299

10s 25ms/step

val loss: 0.0246

10s 25ms/step

val loss: 0.0241

10s 24ms/step

val loss: 0.0291

10s 25ms/step

val loss: 0.0251

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

0.8362

0.9416

0.9563

0.9640

0.9683

0.9707

0.9744

0.9745

0.9780

0.9777

0.9792

0.9801

0.9803

0.9804 -

0.9814

0.9825

0.9820

0.9829

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

- loss:

loss:

- loss:

- loss:

- loss:

- loss:

0.5101

0.1857

0.1416

0.1171

0.1044

0.0934

0.0835

0.0801

0.0735

0.0730

0.0682

0.0654

0.0645

0.0630 -

0.0609

0.0565

0.0568

0.0548



Epoch 19/25

391/391 10s 25ms/step - accuracy: 0.9836 - loss: 0.0524
val accuracy: 0.9936 - val loss: 0.0240

Epoch 20/25

391/391 10s 24ms/step - accuracy: 0.9843 - loss: 0.0538
val accuracy: 0.9943 - val loss: 0.0231

Epoch 21/25

391/391 10s 25ms/step - accuracy: 0.9850 - loss: 0.0493
val accuracy: 0.9927 - val loss: 0.0279

Epoch 22/25

391/391 10s 25ms/step - accuracy: 0.9838 - loss: 0.0514
val accuracy: 0.9932 - val loss: 0.0249

Epoch 23/25

391/391 10s 25ms/step - accuracy: 0.9855 - loss: 0.0465
val accuracy: 0.9931 - val loss: 0.0284

Epoch 24/25

391/391 10s 25ms/step - accuracy: 0.9853 - loss: 0.0473
val accuracy: 0.9938 - val loss: 0.0253

Epoch 25/25

391/391 10s 25ms/step - accuracy: 0.9858 - loss: 0.0474
val accuracy: 0.9952 - val loss: 0.0238

import numpy as np
import tensorflow as tf

test loss, test acc = cnn.evaluate(test ds, verbose=0)
print(f"[4 Test Accuracy (CNN): {test acc:.4f}, Test Loss: {test loss:.4f}")

# awsiixtl puillg olégill e Joax]l
y_true, y pred = [], []
for Xb, yb in test ds:
pb = cnn.predict(Xb, verbose=0)
y true.extend(yb.numpy().tolist())
y pred.extend(np.argmax(pb, axis=1).tolist())

y_true
y pred

np.array(y true)
np.array(y pred)

cm = tf.math.confusion matrix(y true, y pred, num classes=10).numpy()
per class acc = (np.diag(cm) / cm.sum(axis=1)).round(4)

print("Per-class accuracy (0..9):", per _class acc)
cm

"4 Test Accuracy (CNN): 0.9946, Test Loss: 0.0153
Per-class accuracy (0..9): [0.998 0.9974 0.9952 0.999 0.9939 0.9899 0.9906
0.9951 0.9959 0.9901]
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